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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~~ ~ ~~~~ — — — 

[Claim 1] The lithium cell characterized by the compound which makes the main skeleton siloxane 
combination (Si-O) which acrylic resin combined between the aforementioned active material powder 
and solid electrolyte powder in the lithium cell which arranged the solid electrolyte in inter-electrode 
[ of the positive/negative couple which consists mainly of an active material ] intervening. 
[Claim 2] The lithium cell according to claim 1 characterized by the thing which is chosen as the 
compound which makes the main skeleton siloxane combination which the aforementioned acrylic 
resin combined from In 203 which doped Sn02 or Sn02 which doped Ru02 or Sb 203, and which 
added more than a kind at least. 

[Claim 3] The lithium cell according to claim 1 characterized by the carbon material having 
combined with the compound which makes the main skeleton siloxane combination which the 
aforementioned acrylic resin combined. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



mi^ hniCa fieM t0 Whi ° h invention thongs] this invention relates to a hthium cell. 
[Description of the Prior Art] The lithium ion battery is widely used as power supplies, such as a 
density 6 a n ° teb00k com P uter ' ^8 advantage of the property which is high-energy 

[0003] Although these hthium ion batteries have cylindrical and a square shape, all insert the 
electrode group by which the positive electrode and the negative electrode were ****(ed) through 
separator into a battery-case can, and they have structure which it obturated by pouring in the organic 
electrolytic solution. LiC104, LiPF6, LiBF4, etc. are dissolved in this as hthium salt by using that this 
organic electrolytic solution has propylene carbonate (PC), dimethyl ethane (DME), diethyl carbonate 
(DME), independent ethylene carbonate (EC), etc. or the mixed thing as a solvent 
[0004] In recent years, with the thin shape of the various electronic application devices represented by 
portable nifoimation terminal equipments, such as video photography equipment, and a notebook 
computer, a cellular phone, and the demand of a lightweight miniaturization, it replaces with the 
above organic electrolytic solutions, and the polymer electrolyte cell which mixed and arranged a 
polye ectrolyte and the organic electrolytic solution in inter-electrode [ of a positive/negative couple ] 
attracts attention. F J 

[0005] However, since these hthium ion batteries and a polymer battery contain the organic 
SwS?* 0 1 ti ° n ' * ey may Start P roblems ' such ^ a liquid spill and emitting smoke. 
[0006] In order to solve this problem, development of the hthium cell which used the solid electrolyte 
of an inorganic system for the electrolyte is performed briskly. 

[0007] The hthium cell using the inorganic sohd electrolyte of hthium ion conductivity which 
consists of the glass of a sulfide system is raised in the hthium cell using the sohd electrolyte of such 
an inorganic system. This inorganic sohd electrolyte has the hthium ion conductivity which is equal 
to the organic electrolytic solution. However, the glass of a sulfide system is rich in reactivity and 
has the problem of being easy to react especially with moisture and air. 

[0008] On the other hand, in the sohd electrolyte of an oxide system, the sohd electrolyte in which a 
sodium ion conductivity sohd electrolyte (NASICON system material) and the hthium ion 
conductivity crystalhne-substance sohd electrolyte which has the same crystal structure have the 
S^Z\i° n conductivit y of lx 10"3 " 1x10-4 S-cm -1 in recent years is proposed. 
[0009] For example, in JP,5-299101,A, the hthium ion conductivity of 1x10-3 - 1x10-4 S-cm -1 has 
been obtained by making the granular electrolyte expressed with Lil+(4-n) xMxTi2-x(P04)3 (2 n= 
when a univalent or divalent cation and M of M are univalent and n= 1 and M are divalent x 0T-0.5) 
sinter. 

[0010] Moreover, after fusing and fabricating P205 of a predetermined composition ratio, Si02 
Ti02 and aluminum 203, Li20, etc. in JP,10-97811,A, By depositing Ul+x+yAlx^-yPS-yOl^ 
(0<-x<=0 .4, 0< y<=0.6) with heat treatment, the sohd electrolyte which has the hthium ion 
conductivity of 1.0x10-3 - 2.0x10-3 S-cm -1 is proposed. 

LtI M Tm ^ 1 1 n 83 , 1A When 3 SoM electrol y te ma *es * Uthium compound react to the 
multiple oxide of Mn02 or alkali metal, and manganese and forms three layer of Li2MnO(s) on the 
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surface of a positive electrode by the solid electrolyte in which it really comes to form the positive 
electrode which consists of a multiple oxide of Mn02 or alkali metal, and manganese, and a solid 
electrolyte, the touch area of the interface of a positive electrode and a solid electrolyte was enlarged, 
internal resistance of a cell was made small, and it has proposed raising a charge-and-discharge 
property. 

[0012] Moreover, after pinching the solid electrolyte layer obtained by carrying out pressing of the 
solid electrolyte powder in JP,8-138724,A by the solid electrolyte layer or the negative electrode 
which consists of the mixture of the positive electrode and negative-electrode active material powder 
which consist of the mixture of positive-active-material powder and solid electrolyte powder, and 
solid electrolyte powder, it has proposed that the solid electrolyte layer to which it becomes field 
contact and grain-boundary resistance becomes small is obtained by pressurizing at the temperature 
below a glass transition point above the softening temperature of the aforementioned solid electrolyte. 

[0013] Moreover, in JP,6-76828,A, in order to obtain the lithium ion conductivity solid electrolyte 
Plastic solid having high ion conductivity, and mechanical strength and high proeessability, the 
method of carrying out dry type kneading of a lithium ion conductivity sulfide solid electrolyte and 
the macromolecule elastic body is proposed. 
[0014] 

[Problem(s) to be Solved by the Invention] Conventionally, in the case of the cell using a solid 
electrolyte, it was formed in many cases only with the pressure welding, and the touch area of an 
electrode and a solid electrolyte was small, the bonding strength became weak, the resistance in these 
interfaces became large, the internal resistance as a cell became large, and junction of an electrode 
and a solid electrolyte had the fault that a charge-and-discharge property was inferior. The voltage 
drop resulting from the internal resistance of a cell became large, and there was a problem that 
current density was restricted as especially the charge and discharge current became large. 
[0015] Moreover, since an ionic conduction path has many which have the anisotropy as for the solid 
electrolyte of a crystalline substance, the grain-boundary resistance in a solid electrolyte poses a 
problem. Therefore, the solid electrolyte of a crystalline substance serves as a proposal for which the 
lithium cell of JP,5-299101,A improves this problem, using a sintered compact in many cases. 
However, the problem of this ionic conduction path corresponds also about an electrode and a solid 
electrolyte interface, and the problem that resistance of an interface becomes large is left behind in 
contact only by the pressure welding. 

[0016] Although the lithium cell of JP,6-111831,A is a proposal which improves the interfacial 
resistance of an electrode and a solid electrolyte, it has the problem that this method has complicated 
processes, such as forming Mn02 by sputtering or making above-mentioned Mn02 and above- 
mentioned LiOH formation of Li2Mn03 react etc. 

[0017] Although pressing of the lithium cell of JP,8-138724,A is carried out at the temperature below 
a glass transition point above the softening temperature of a solid electrolyte, the grain boundary in a 
solid electrolyte is reduced in this case, and although the lithium ion conductivity as a solid 
electrolyte improves, in the process of heat-treatment, it forms a reaction layer in the interface of an 
electrode and a solid electrolyte, and has the problem that the reaction layer checks lithium ion 
conduction. 

[0018] Furthermore, as above-mentioned, the lithium cell using these solid electrolytes carries out 
pressing of the inorganic powder, or performs pressurization and heating simultaneously and is 
formed. Therefore, the lithium cell obtained had the problem that it was hard and was weak. The 
lithium ion conductivity solid electrolyte Plastic solid having a mechanical strength and high 
proeessability is obtained by carrying out dry type kneading and fabricating a lithium ion conductivity 
sulfide solid electrolyte and a macromolecule elastic body with the lithium cell of JP,6-76828,A to 
this problem. However, since a sulfide noncrystalline-solid electrolyte reacted with a solvent and a 
hydrogen sulfide was produced when operation in air atmosphere is difficult and a protic solvent is 
used [ in / the production process / since it is limited to a lithium ion conductivity solid electrolyte 
containing a sulfuration lithium in this case ] for a solvent, there was a problem that mixture with a 
lithium ion conductivity solid electrolyte and a macromolecule elastic body had to be performed by 
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dry type kneading. 

[0019] It is made in view of the above conventional troubles, and the bonding strength of an electrode 
and a solid electrolyte is weak, the internal resistance as a cell becomes large, and this invention aims 
to let it give flexibility to a lithium cell to offer the solid electrolyte cell which canceled the 
conventional trouble that a charge-and-discharge property was inferior 
[0020] 

[Means for Solving the Problem] In order to attain the above-mentioned problem, in the lithium cell 
concerning a claim 1, it is characterized by the compound which makes the main frame siloxane 
combination (Si-O) which acrylic resin combined between the aforementioned active material powder 
and sohd electrolyte powder intervening in the lithium cell which arranged the solid electrolyte in 
S5ES£?°? [ ? 6 P° sitive/ne 8 ative cou Ple which consists mainly of an active material ] 
[0021] The thing which is chosen as the compound which makes the main frame siloxane 
combination which the aforementioned acrylic resin combined in the above-mentioned hthium cell 
from In 203 which doped Sn02 or Sn02 which doped Ru02 or Sb 203 and which add more than a 
kind at least is desirable. 

[0022] It is desirable for the carbon material to have combined with the compound which makes the 
main frame siloxane combination which the aforementioned acrylic resin combined in the above- 
mentioned hthium cell. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation form of the hthium cell concerning a claim 
lis explained . Drawing 1 is the cross section showing the example of composition of the liUiium cell 
concerning a claim 1. drawing 1 - setting - 1 - for a positive electrode and 2b, as for a sohd 
electtolyte layer and 4, a negative electrode and 3 are [ a package and 2 / the electrode of a couple 
S f aposi f Strode charge coUector^ ' 

I0024]lfairughtaesscanbeheld,apaclcagelisnothrmtedtomequahtyofmemateri for ' 
example, can use metals, such as lamination material made from aluminum, nickel, and aluminum or 
a shrink case. ' 

[0025] | The positive-electrode charge collector 4 or the negative-electrode charge collector 5 is 
formed for current coUection of positive-electrode 2a or negative-electrode 2b, for example, metallic 

al I Uminum (aluminum), nickel (nickel), and copper (Cu), can be used for it 
[0026] As for the active material of an electrode 2 (2a, 2b), for example, a Hthium manganese 

EE n° v f ' T? f 0 ^' " UthiUm **** multiple 0xide ' a Uthium cobalt mu Wk oxide, a 
hthium .nickel cobalt multiple oxide, a Uthium vanadium multiple oxide, a hthium titaniuni multiple 

oxide, titanium oxide, a niobium oxide, a vanadium oxide, tungstic oxides, etc. and those ****** are 
mentioned. Furthermore, in the hthium cell using the solid electrolyte 3, in order to use neither 
ZTZ T OI ^ celec ^ ol y tic soluti °n> Aere is a limit which permits expansion contraction of 

m^^^lT^^t^ Theref0ie ' eSpeciaU y as m active -^al used for 

an electrode 2 2b), it is desirable to choose either Ul + xMn2-x04 ((K=x<=0.2), LiMn2-yMey04 
(Me=mckel, Zn [ Cr, Cu and Zn ], 0< y<=0.6), Li4Ti 5012 or Li4Mn 5012. Here, what show^** 
potential to a positive electrode for what a clear distinction does not have in a positive active material 

Zt™ eg * fT f CtlVe materia1 ' C ° mpareS ^ char S e md ***** P^ntial of two kinds of 
compounds, and shows electropositive potential can be used for a negative electrode, respectively 

and the cell of arbitrary voltage can be constituted. 

[0027] The compound which makes the main skeleton siloxane combination (Si-O) which acrvlic 
resm combined is made to intervene between this active material powder. A silane compound is 
raised as a compound which forms siloxane combination. With a silane compound, a tetiamethoxv 
suane methyl tnmetoxysilane, dimethyl dimethoxysilane, phenyl trimethoxysilane, diphenyl 

rShn3 ; a tetra ?? C u° Xy . f mCthyl **™y«ta*- Methyl diethoxysilane, phenyl 
taethoxy ilane, diphenyl diethoxysilane, hexyl trimethoxysilane, the poly methoxy siloxane a poly 

SSSL^T 3 P r y I SU0Xane ' CtC - 31-6 mentioned - As a method of combining these silanes 
compound and acrylic resm, the cold blend of acrylic and the silane system is carried out, and the 
mahod of making it understand an added water part is mentioned. Moreover, solvents, such as a 
methanol, ethanol, or isopropyl alcohol, can be mixed if needed, and these solvents can also be 
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evaporated simultaneously with hydrolysis. Considering unity with acrylic resin, as a silane 
compound, the poly methoxy siloxane, a poly ethoxy siloxane, and a poly butoxy siloxane are 
desirable. 

[0028] junction of an electrode 2 and a solid electrolyte 3 is based neither on sticking by pressure nor 
a reaction layer, and is formed with the compound which makes the main skeleton siloxane 
combination which the acrylic resin made to intervene between active material powder combined. 
Siloxane combination which this acrylic resin combined forms combination of active material 
powder, solid electrolyte powder and an electrode, and a solid electrolyte at the same time it is 
formed by heat treatment. When forming siloxane combination which acrylic resin combined, the 
compound which makes the main skeleton siloxane combination which temperature did not need to 
be raised too much, and could suppress the reaction of an electrode 2 and a solid electrolyte 3, and 
acrylic resin combined can also suppress a reaction with an electrode active material. 
[0029] Moreover, lithium ion conductivity glass ceramics can form a firm combination, and the 
compound which makes the main skeleton siloxane combination which the acrylic resin which 
intervenes between electrode active materials combined can strengthen junction of an electrode 2 and 
a solid electrolyte 3 for them. Therefore, the touch area of an interface can reduce the internal 
resistance of a cell by the bird clapper greatly. 

[0030] As a solid electrolyte 3, it divides roughly and is classified into a sulfide system and an oxide 
system. In the solid electrolyte of a sulfide system, although the lithium ion conductivity in a room 
temperature has the property which is equal to 1x10-3 S-cm -1 and the organic electrolytic solution, it 
has problems, such as being hygroscopic. Therefore, it is more desirable to use an oxide system for a 
solid electrolyte 3. In it, lithium ion conductivity is about -one 1x10-6 S-cm at a room temperature, 
and it is difficult for the solid electrolyte of an amorphous system to fully fulfill a property. The 
lithium ion conductivity of the solid electrolyte of a crystalline substance is about -one 1x10-3 S-cm - 
1 - 1x10-4 S-cm at a room temperature to it. Therefore, as for the solid electrolyte 3 to be used, it is 
more desirable that it is the solid electrolyte of a crystalline substance. It is desirable that it is the 
solid electrolyte of the crystalline substance which has the lithium ion conductivity which contains a 
lithium (Li), titanium (Ti), and a Lynn (P) and oxygen (O) element especially. Lil+xMxTi2-x(P04)3 
(here - M - aluminum, Sc, and Y --) La), Lil+xTi2-x(P04)3, Li0.5-3xR0.5+xTiO3 (it La(s) R here) 
Pr, Nd, Sm, Lil+x+yMxTi2-xSiyP3-y012 (M is aluminum, Ga, 0<=x<=0.4, and 0< y<=0.6 here), 
Lil+(4-n) MxTi2-x(P04)3 (M is a univalent or divalent cation), etc. are mentioned. 
[0031] An electronic-conduction assistant is added by the electrode 2 (2a, 2b) if needed. As an 
electronic-conduction assistant, Sn02, In 203, Ti02-x, ZnO and Fe 304, Re03, Mo02, Ru02 and 
VO, and W02 grade are mentioned as an oxide, for example. In order to obtain the stable low 
resistivity, the thing which is chosen from In 203 which doped Sn02 or Sn02 which doped Ru02 or 
Sb 203 and which contain more than a kind at least is desirable. Moreover, when using an oxide, as 
for the addition as an electronic-conduction assistant, it is desirable that it is 10 - 50wt% to an active 
material. When there are few electronic-conduction assistants than these additions, grant of 
electronic-conduction nature is not enough, and when [ than these additions ] more, although an 
electronic conduction is securable, an electronic-conduction assistant may intervene between 
electrode active materials, may check conduction of a lithium ion, and is not desirable [ an electronic 
conduction ]. 

[0032] Moreover, when the carbon material has combined with the compound which makes the main 
skeleton siloxane combination which acrylic resin combined, addition of the above-mentioned 
electronic-conduction assistant is not needed, but the carbon material combined with the compound 
which makes the main skeleton siloxane combination which acrylic resin combined serves as an 
electronic-conduction assistant. As a carbon material, acetylene black, carbon black, KETCHIEN 
black, etc. are mentioned. Moreover, a carbon material is combined by replacing by OR machines 
(R : a methyl group, an ethyl group, etc.) of the silane compound which acrylic resin combined. 
[0033] The following methods are mentioned as the production method of an electrode 2 (2a, 2b) and 
a solid electrolyte 3. The silane compound which mixed electronic-conduction assistant powder 
beforehand and acrylic resin combined with a positive electrode, negative-electrode active material 
powder, and solid electrolyte powder when required is distributed. Slurry viscosity is adjusted while 
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adding and slumng solvents, such as isopropyl alcohol, if needed. At this time, mixture of electronic- 
conduction assistant powder is unnecessary to solid electrolyte powder. 

[0034] Moreover, in order to stiffen the silane compound which acrylic resin combined, the catalyst 
for hardening can also be used. Before distributing powder, even if it adds, after distributing powder 
you may add this catalyst for hardening. 

[0035] By the doctor blade method or the roll-coater method, after applying the slurry obtained in this 
way on the positive-electrode charge collector 4 or the negative-electrode charge collector 5 it 
stiffens the silane compound which combined acrylic resin. When the catalyst for hardening'is used 
tor hardening conditions, although the holding time becomes short so that about 150 degrees C is 
suitable from ordinary temperature and a curing temperature is high, a curing temperature and 
especially fame are not restricted. Moreover, when not using the catalyst for hardening, it is desirable 
to heat at the temperature of 150 degrees C or more, and maximum temperature is about 300 degrees 
C from which acrylic resin starts a decomposition reaction. 

[0036] You may make an electrode 2 mix the solid electrolyte which is the same composition as a 
solid electrolyte 3 here if needed. 

[0037] Moreover, the method of stiffening, after having fabricated the method of carrying out heat 
hardening by package after carrying out the laminating of positive-electrode 2a, negative-electrode 
2b, and the laminating method of a solid electrolyte 3 to the order of positive-electrode 2a-solid 
electrolyte 3-negative-electrode 2b, positive-electrode 2a, and negative-electrode 2b after carrying out 
heat hardening, fabrication and, fabricating a solid electrolyte 3 on one of electrodes separately and 
piling up another electrode etc. is mentioned. Furthermore, if it pressurizes at the time of heat 
hardening, while the filling factor of **** will improve, since junction of the electrode 2-solid 
electrolyte 3 becomes firmer, it is desirable. 

[0038] Even if the solid electrolyte cell to which this invention is applied is a primary cell it may be 
a rechargeable battery. A cell configuration is not limited to cylindrical, a square shape, a button type 
a coin type, a flat type, etc. r 3V ' 

[0039] 

[Example] A [example 1] lithium hydroxide and manganese dioxide were mixed so that the mole 
ratio of U and I Mn might be set to 1.1:1.9, by carrying out heating baking of this mixture at 650 
degrees C in the atmosphere for 15 hours, the lithium manganese multiple oxide (Lil lMn 1 904) 
was compounded, and this was made into the positive active material. Next, a hthium hydroxide and 
manganese dioxide were mixed so that the mole ratio of Li and Mn might be set to 4 5 the hthium 
manganese multiple oxide (Li4Mn 5012) was compounded by carrying out heating baking of this 
mixture at 600 degrees C in the atmosphere for 15 hours, and this was made into the negative- 
electrode active material. 6 

[0040] The siloxane compound which acrylic resin combined was prepared in the following 
procedures. To the siloxane compound (siloxane compound concentration : about 30 wt(s)% and 
acryhc resin concentration : about 20 wt(s)%, a solvent : about 50 wt(s)%) which acrylic resin 
combined, the catalyst for hardening of a maleic-acid system was mixed, it stirred in ordinary 
temperature, and mixed liquor was produced. At this time, the mixing ratio of the catalyst for 
hardening was set to 3g to lOOg of siloxane compounds which acryhc resin combined. Moreover in 
order to attain stabilization of mixed liquor, it put in ordinary temperature for 12 hours. (Let this be 
adjustment mixed liquor below.) 

Adjustment mixed liquor was made to distribute an above-mentioned positive electrode and an 
above-mentioned negative-electrode active material with Ru02 which is an electronic-conduction 
assistant, respectively, and the slurry was produced. The mixing ratio of the active material powder at 
tins tone, Ru02, and adjustment mixed liquor was set to 2:1:1 by the weight ratio. Subsequently 
after fabricating this slurry by the doctor blade method on aluminum foil, heat hardeningwas carried 
out on 150-degree-C conditions for 30 minutes. Furthermore, this was judged in 25mmx25mm size 
and positive-electrode 2a negative-electrode 2b was obtained. Positive-electrode 2a and negative- ' 
electrode 2b of the thickness at this time were 75 micrometers. 

[0041] As a solid electrolyte 3, the main crystal phase used the solid electrolyte of the crystalline 
substance which can be expressed with Lil+x+yAlxTi2-xSiyP3-y012. Adjustment mixed liquor was 

htto://ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/6/2003 



Page 6 of 8 

made to distribute a powdered solid electrolyte, and the slurry was produced. This slurry was 
fabricated by the doctor blade method on the above-mentioned positive-electrode 2a, it piled up on 
the solid electrolyte 3 which subsequently applied negative-electrode 2b, heat hardening was carried 
out on 150-degree-C conditions for 30 minutes, and the layered product of positive-electrode 2a-solid 
electrolyte 3 -negative-electrode 2b was produced. The thickness of the solid electrolyte 3 at this time 
was 30 micrometers. 

[0042] The lamination made from aluminum of a package 1 was equipped with the obtained layered 
product. The lamination made from aluminum prepared two things cut in 35mmx35mm size, is 
carrying out thermocompression bonding of the periphery section of the lamination made from 
aluminum on both sides of the layered product which joined the charge collector, and assembled the 
35mmx35mm square shape lithium cell shown in drawing 1 . 

[0043] The synthetic method of a [example 2] positive active material and a negative-electrode active 
material was performed like the example 1. 

[0044] What the carbon material combined (siloxane compound concentration : about 25 wt(s)% and 
acrylic resin concentration : about 15 wt(s)% and acetylene black concentration : about 10 wt(s)%, a 
solvent : about 50 wt(s)%) was used for the siloxane compound which acrylic resin combined. 
[0045] Hereafter, the production method of production of adjustment mixed liquor and positive- 
electrode 2a-solid electrolyte 3-negative-electrode 2b was performed like the example 1. The 
thickness of the electrode obtained here was 70 micrometers, and the thickness of a solid electrolyte 
was 35 micrometers. 

[0046] The production method of a square shape lithium cell was performed like the example 1. 
[0047] The synthetic method of the [example 1 of comparison] positive active material and a 
negative-electrode active material was performed like the example 1. 

[0048] The following procedures performed formation of an electrode. The N-methyl-2-pyrrolidone 
in which the polyvinylidene fluoride was dissolved was made to distribute respectively the positive 
electrode and negative-electrode active material which were obtained previously, and carbon black, 
and the slurry was adjusted. At this time, the mixing ratio of an electrode active material, carbon 
black, and a polyvinylidene fluoride was set to 85:12:7 by the weight ratio. 

[0049] The electrode of a positive electrode and a negative electrode was obtained by carrying out the 
obtained slurry with ** on aluminum foil by the doctor blade method, and removing a N-methyl-2- 
pyrrolidone. Roll pressurization was carried out in order to raise further the **** filling factor of the 
obtained electrode active material, the electrode sheet obtained further was cut out in 25mmx25mm 
size, and the electrode was obtained. The thickness of the obtained electrode was 70 micrometers 
respectively. 

[0050] The N-methyl-2-pyrrolidone in which the polyvinylidene fluoride was dissolved was 
distributed like the electrode, and the solid electrolyte adjusted the slurry. At this time, the mixing 
ratio of a solid electrolyte and a polyvinylidene fluoride was set to 93:7 by the weight ratio. 
[0051] The layered product of a positive-electrode-solid electrolyte was obtained by carrying out with 
** on the positive electrode which was able to obtain the obtained slurry first, and removing a N- 
methyl-2-pyrrolidone. Furthermore, the negative electrode obtained previously at the solid electrolyte 
side of this layered product was piled up, and it pressurized at the temperature of 160 degrees C in 
order to raise adhesion. The pressurization load at this time was set to 80MPa(s). Moreover, the 
thickness of a solid electrolyte was 27 micrometers. 

[0052] The lithium cell of a square shape was assembled like the example 1 using the obtained 
layered product. 

[0053] The synthetic method of the [example 2 of comparison] positive active material and a 
negative-electrode active material performed formation of an electrode like the example 1 of 
comparison like the example. The electrode thickness at this time was 65 micrometers respectively. 
[0054] The bulk object with a thickness [ of a crystalline substance ] of 50 micrometers which can be 
expressed with Iil+x+yAlxTi2-xSiyP3-y012 was used for the solid electrolyte. This solid electrolyte 
bulk object was pinched by the electrode which was able to be obtained first, and the layered product 
of a positive-electrode-solid electrolyte-negative electrode was produced. 
[0055] The lithium cell of a square shape was assembled like the example 1 using the obtained 
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layered product. 

[0056] The square shape solid electrolyte cell obtained in this way is used. (Evaluation) With a 
charging and discharging device It charges to 1 .5 V with the current of 
100microA/crn2,200microA/cm2,500microA/cm2 as charge conditions at the above-mentioned 
square shape solid electrolyte cell. After suspended charge, holding for 5 minutes, discharging with 
the current same to the voltage of after that 0.5V as the time of charge, charging to 1 .5V again next 
after voltage reached 1.5V, and reaching this voltage, charge-and-discharge cycle evaluation which' 
suspends charge and is held for 5 minutes was performed. 

[0057] The result is shown in Table 1. In addition, the number of front Naka shows the service 
capacity to each discharge current, and a unit is mAh 
[0058] 
[Table 1] 
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[0059] Moreover, flexible evaluation was performed using the layered product of the positive- 
electrode-solid electrolyte-negative electrode produced in the example 1, the example 2, the example 
1 of comparison, and the example 2 of comparison. The evaluation method was twisted around the 
glass rod of the shape of a pillar with a diameter of 10mm, and checked the crack and crack of a 
layered product. Consequently, the crack and the crack were not checked other than example of 
comparison 2 which used the bulk object for the solid electrolyte. 

[0060] While the charge-and-discharge property that the lithium cell of this invention is equivalent to 
the lithium cell which used the solid electrolyte bulk object is acquired from the above thing it turns 
out that it excels also in flexibility. Even if especially the discharge current becomes large, it is 
remarkable that the fall of the discharge current is small. 

[0061] By making the compound which makes siloxane combination the main skeleton intervene 
between a positive electrode and a negative-electrode active material, this enables junction of an 
electrode and a solid electrolyte and is considered because resistance of an interface was reduced 
ftulher^Furthermore, it is thought that junction of electrode active material powder and junction of an 
electrode and a solid electrolyte are performed, a reaction with an electrode active material being 
unable to occur easily, and maintaining the property of electrode active material original, in order to 
form siloxane combination in the process of heat treatment, if this invention is approached 
Moreover, since acrylic resin is combined with the compound which makes siloxane combination the 
mam skeleton, it becomes possible to also have flexibility. 
[0062] 

[Effect of the Invention] As mentioned above, according to the solid electrolyte cell concerning this 

invention junction of an electrode and a solid electrolyte becomes firm by making the compound 

which makes the main skeleton siloxane combination (Si-O) which acrylic resin combined intervene 

between the active material powder which constitutes an electrode, and solid electrolyte powder It 

has, and the touch area of an interface can become large, can reduce the internal resistance of a cell 

and can obtain the lithium cell excellent in the charge-and-discharge property 

[0063] Furthermore, since acrylic resin has combined with siloxane combination, it becomes possible 

rn^ 6 flexiblIlt y md a* Uthi um cell which is excellent in flexibility nature can be obtained 
[0064] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** S h 0ws the word whjch can not he ^8]^. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to a lithium cell. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

L This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] The lithium ion battery is widely used as power supplies, such as a 
cellular phone and a notebook computer, taking advantage of the property which is high-energy 
density. 

[0003] Although these lithium ion batteries have cylindrical and a square shape, all insert the 
electrode group by which the positive electrode and the negative electrode were ****(ed) through 
separator into a battery-case can, and they have structure which it obturated by pouring in the organic 
electrolytic solution. LiC104, LiPF6, LiBF4, etc. are dissolved in this as lithium salt by using that this 
organic electrolytic solution has propylene carbonate (PC), dimethyl ethane (DME), diethyl carbonate 
(DME), independent ethylene carbonate (EC), etc. or the mixed thing as a solvent. 
[0004] In recent years, with the thin shape of the various electronic application devices represented by 
portable information terminal equipments, such as video photography equipment, and a notebook 
computer, a cellular phone, and the demand of a lightweight miniaturization, it replaces with the 
above organic electrolytic solutions, and the polymer electrolyte cell which mixed and arranged a 
polyelectrolyte and the organic electrolytic solution in inter-electrode [ of a positive/negative couple ] 
attracts attention. 

[0005] However, since these lithium ion batteries and a polymer battery contain the organic 
electrolytic solution, they may start problems, such as a liquid spill and emitting smoke. 
[0006] In order to solve this problem, development of the lithium cell which used the solid electrolyte 
of an inorganic system for the electrolyte is performed briskly. 

[0007] The lithium cell using the inorganic solid electrolyte of lithium ion conductivity which 
consists of the glass of a sulfide system is raised in the lithium cell using the solid electrolyte of such 
an inorganic system. This inorganic solid electrolyte has the lithium ion conductivity which is equal 
to the organic electrolytic solution. However, the glass of a sulfide system is rich in reactivity, and 
has the problem of being easy to react especially with moisture and air. 

[0008] On the other hand, in the solid electrolyte of an oxide system, the solid electrolyte in which a 
sodium ion conductivity solid electrolyte (NASICON system material) and the lithium ion 
conductivity crystalline-substance solid electrolyte which has the same crystal structure have the 
lithium ion conductivity of 1x10-3 - 1x10-4 S-cm -1 in recent years is proposed. 
[0009] For example, the thing made to sinter the granular electrolyte expressed with Lil+(4-n) 
xMxTi2-x(P04)3 (2 n= when a univalent or divalent cation and M of M are univalent and n= 1 and 
M are divalent x 0.1-0.5) in JP,5-299101,A. The lithium ion conductivity of 1x10-3 - 1x10-4 S-cm -1 
has been obtained. 

[0010] Moreover, heat treatment after fusing and fabricating P205 of a predetermined composition 
ratio, Si02, Ti02 and aluminum 203, Li20, etc. in JP,10-97811,A. By depositing Lil+x+yAlxTi2- 
yP3-y012 (0<=x<=0.4, 0< y<=0.6), the solid electrolyte which has the lithium ion conductivity of 
1.0x10-3 - 2.0x10-3 S-cm -1 is proposed. 

[001 1] Moreover, in JP,6-1 1 1831,A, the positive electrode which consists of a multiple oxide of 
Mn02 or alkali metal, and manganese, and a solid electrolyte are solid electrolytes which it really 
comes to form. When a solid electrolyte makes a lithium compound react v to the multiple oxide of 
Mn02 or alkali metal, and manganese and forms three layer of Li2MnO(s) on the surface of a 
positive electrode, the touch area of the interface of a positive electrode and a solid electrolyte was 
enlarged, internal resistance of a cell was made small, and it has proposed raising a charge-and- 
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discharge property. 

[0012] Moreover, the negative electrode which consists of the mixture of the positive electrode and 
negative-electrode active material powder which consist of the mixture of a solid electrolyte layer or 
positive-active-material powder, and solid electrolyte powder in JP,8-138724 A and solid electrolyte 
powder. After pinching the solid electrolyte layer obtained by carrying out pressing of the solid 
electrolyte powder, it has proposed that the solid electrolyte layer to which it becomes field contact 
and grain-boundary resistance becomes small is obtained by pressurizing at the temperature below a 
glass transition point above the softening temperature of the aforementioned solid electrolyte 
[0013] Moreover, in JP.6-76828.A, in order to obtain the lithium ion conductivity solid electrolyte 
Plastic solid havmg high ion conductivity, and mechanical strength and high processability the 
method of carrying out dry type kneading of a lithium ion conductivity sulfide solid electrolyte and 
the macromolecule elastic body is proposed. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, according to the solid electrolyte cell concerning this 
invention, junction of an electrode and a solid electrolyte becomes firm by making the compound 
which makes the main frame siloxane combination (Si-O) which acrylic resin combined intervene 
between the active material powder which constitutes an electrode, and solid electrolyte powder. It 
has, and the touch area of an interface can become large, can reduce the internal resistance of a cell, 
and can obtain the lithium cell excellent in the charge-and-discharge property. 
[0063] Furthermore, since acrylic resin has combined with siloxane combination, it becomes possible 
to have flexibility and the lithium cell which is excellent in flexibility nature can be obtained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Conventionally, in the case of the cell using a solid 
e ectrolyte, it was formed in many cases only with the pressure welding, and the touch area of an 
electrode and a solid electrolyte was small, the bonding strength became weak, the resistance in these 
interfaces became large, the internal resistance as a cell became large, and junction of an electrode 
and a solid electrolyte had the fault that a charge-and-discharge property was inferior. The voltage 
drop resulting from the internal resistance of a cell became large, and there was a problem that 
current density was restricted as especially the charge and discharge current became large 
[0015] Moreover, since an ionic conduction path has many which have the anisotropy as for the solid 
electrolyte of a crystalline substance, the grain-boundary resistance in a solid electrolyte poses a 
problem. Therefore, the solid electrolyte of a crystalline substance serves as a proposal for which the 
hthium cell of JP,5-299101,A improves this problem, using a sintered compact in many cases 
However, the problem of this ionic conduction path corresponds also about an electrode and a solid 
electrolyte interface, and the problem that resistance of an interface becomes large is left behind in 
contact only by the pressure welding. 

[0016] Although the hthium cell of JP,6-111831,A is a proposal which improves the interfacial 
resistance of an electrode and a solid electrolyte, it has the problem that this method has complicated 
processes, such as forming Mn02 by sputtering or making above-mentioned Mn02 and above- 
mentioned LiOH formation of Li2Mn03 react etc. 

[0017] Although pressing of the hthium cell of JP,8-138724,A is carried out at the temperature below 

a glass transition point above the softening temperature of a solid electrolyte, the grain boundary in a 

solid electrolyte is reduced in this case, and although the hthium ion conductivity as a solid 

e ectrolyte improves, in the process of heat-treatment, it forms a reaction layer in the interface of an 

electrode and a solid electrolyte, and has the problem that the reaction layer checks Hthium ion 

conduction. 

[0018] Furthermore, as above-mentioned, the hthium cell using these solid electrolytes carries out 
pressing of the inorganic powder, or performs pressurization and heating simultaneously and is 
formed. Therefore, the hthium cell obtained had the problem that it was hard and was weak The 
hthium ion conductivity solid electrolyte Plastic sohd having a mechanical strength and high 
processabihty is obtained by carrying out dry type kneading and fabricating a hthium ion conductivity 
sulfide sohd electrolyte and a macromolecule elastic body with the hthium cell of JP 6-76828 A to 
this problem However, since a sulfide noncrystalhne-sohd electrolyte reacted with a solvent and a 
hydrogen sulfide was produced when operation in air atmosphere is difficult and a protic solvent is 
used [ m / the production process / since it is limited to a hthium ion conductivity sohd electrolyte 
containing a sulfuration hthium in this case ] for a solvent, there was a problem that mixture with a 
hthium ion conductivity sohd electrolyte and a macromolecule elastic body had to be performed by 
dry type kneading. J 

[0019 f ] It is made in view of the above conventional troubles, and the bonding strength of an electrode 
and a sohd electrolyte is weak, the internal resistance as a cell becomes large, and this invention aims 
to let it give flexibility to a hthium cell to offer the sohd electrolyte cell which canceled the 
conventional trouble that a charge-and-discharge property was inferior. 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned problem, in the lithium cell 
concerning a claim 1, it is characterized by the compound which makes the main skeleton siloxane 
combination (Si-O) which acrylic resin combined between the aforementioned active material powder 
and solid electrolyte powder intervening in the lithium cell which arranged the solid electrolyte in 
inter-electrode [ of the positive/negative couple which consists mainly of an active material ]. 
[0021] The thing which is chosen as the compound which makes the main skeleton siloxane 
combination which the aforementioned acrylic resin combined in the above-mentioned lithium cell 
from In 203 which doped Sn02 or Sn02 which doped Ru02 or Sb 203 and which add more than a 
kind at least is desirable. 

[0022] It is desirable for the carbon material to have combined with the compound which makes the 
main skeleton siloxane combination which the aforementioned acrylic resin combined in the above- 
mentioned lithium cell. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation gestalt of the lithium cell concerning a claim 
1 is explained. Drawing 1 is the cross section showing the example of composition of the lithium cell 
concerning a claim 1. drawing 1 - setting -- 1 — for a positive electrode and 2b, as for a solid 
electrolyte layer and 4, a negative electrode and 3 are [ a package and 2 / the electrode of a couple, 
and 2a / a positive-electrode charge collector and 5 ] negative-electrode charge collectors 
[0024] If airtightness can be held, a package 1 is not limited to the quality of the material, for 
example, can use metals, such as lamination material made from aluminum, nickel, and aluminum, or 
a shrink case. 

[0025] The positive-electrode charge collector 4 or the negative-electrode charge collector 5 is 
formed for current collection of positive-electrode 2a or negative-electrode 2b, for example, metallic 
foils, such as aluminum (aluminum), nickel (nickel), and copper (Cu), can be used for it. 
[0026] As for the active material of an electrode 2 (2a, 2b), for example, a lithium manganese 
multiple oxide, manganese dioxide, a lithium nickel multiple oxide, a lithium cobalt multiple oxide, a 
lithium nickel cobalt multiple oxide, a lithium vanadium multiple oxide, a lithium titanium multiple 
oxide, titanium oxide, a niobium oxide, a vanadium oxide, tungstic oxides, etc. and those ****** are 
mentioned. Furthermore, in the lithium cell using the solid electrolyte 3, in order to use neither 
separator nor the organic electrolytic solution, there is a limit which permits expansion contraction of 
the electrode accompanying charge and discharge. Therefore, especially as an active material used for 
an electrode 2 (2a, 2b), it is desirable to choose either Lil+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 
(Me=nickel, Zn [ Cr, Cu and Zn ], 0< y<=0.6), Li4Ti 5012 or Li4Mn 5012. Here, what shows **** 
potential to a positive electrode for what a clear distinction does not have in a positive active material 
and a negative-electrode active material, compares the charge and discharge potential of two kinds of 
compounds, and shows electropositive potential can be used for a negative electrode, respectively, 
and the cell of arbitrary voltage can be constituted. 

[0027] The compound which makes the main skeleton siloxane combination (Si-O) which acrylic 
resin combined is made to intervene between this active material powder. A silane compound is 
raised as a compound which forms siloxane combination. With a silane compound, a tetramethoxy 
silane, methyl trimetoxysilane, dimethyl dimethoxysilane, phenyl trimethoxysilane, diphenyl 
dimethoxysilane, a tetrapod ethoxy silane, methyl triethoxysilane, dimethyl diethoxysilane, phenyl 
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triethoxysilane, diphenyl diethoxysilane, hexyl trimethoxysilane, the poly methoxy siloxane, a poly 
ethoxy siloxane, a poly butoxy siloxane, etc. are mentioned. As a method of combining these silanes 
compound and acrylic resin, the cold blend of acrylic and the silane system is carried out, and the 
method of making it understand an added water part is mentioned. Moreover, solvents, such as a 
methanol, ethanol, or isopropyl alcohol, can be mixed if needed, and these solvents can also be 
evaporated simultaneously with hydrolysis. Considering unity with acrylic resin, as a silane 
compound, the poly methoxy siloxane, a poly ethoxy siloxane, and a poly butoxy siloxane are 
desirable. 

[0028] Junction of an electrode 2 and a solid electrolyte 3 is based neither on sticking by pressure nor 
a reaction layer, and is formed with the compound which makes the main skeleton siloxane 
combination which the acrylic resin made to intervene between active material powder combined. 
Siloxane combination which this acrylic resin combined forms combination of active material 
powder, solid electrolyte powder and an electrode, and a solid electrolyte at the same time it is 
formed by heat treatment. When forming siloxane combination which acrylic resin combined, the 
compound which makes the main skeleton siloxane combination which temperature did not need to 
be raised too much, and could suppress the reaction of an electrode 2 and a solid electrolyte 3, and 
acrylic resin combined can also suppress a reaction with an electrode active material. 
[0029] Moreover, hthium ion conductivity glass ceramics can form a firm combination, and the 
compound which makes the main skeleton siloxane combination which the acrylic resin which 
intervenes between electrode active materials combined can strengthen junction of an electrode 2 and 
a solid electrolyte 3 for them. Therefore, the touch area of an interface can reduce the internal 
resistance of a cell by the bird clapper greatly. 

[0030] As a solid electrolyte 3, it divides roughly and is classified into a sulfide system and an oxide 
system. In the solid electrolyte of a sulfide system, although th_lithium ion conductivity in a room 
temperature has the property which is equal to 1x10-3 S-cm -1 and the organic electrolytic solution it 
has problems, such as being hygroscopic. Therefore, it is more desirable to use an oxide system for a 
solid electrolyte 3. In it, hthium ion conductivity is about -one 1x10-6 S-cm at a room temperature, 
and it is difficult for the solid electrolyte of an amorphous system to fully fulfill a property. The 
hthium ion conductivity of the solid electrolyte of a crystalline substance is about -one 1x10-3 S-cm - 
1 - 1x10-4 S-cm at a room temperature to it. Therefore, as for the solid electrolyte 3 to be used, it is 
more desirable that it is the solid electrolyte of a crystalline substance. It is desirable that it is the 
solid electrolyte of the crystalline substance which has the hthium ion conductivity which contains a 
hthium (Li), titanium (Ti), and a Lynn (P) and oxygen (O) element especially. Lil+xMxTi2-x(P04)3 
? ere TJ "~ ¥ " aluminum ' Sc > md Y ~) La >> Lil+xTi2-x(P04)3, Li0.5-3xR0.5+xTiO3 (it La(s) R here) 
Pr, Nd, Sm, Lil+x+yMxTi2-xSiyP3-y012 (M is aluminum, Ga, 0<=x<=0.4, and 0< y<=0.6 here) 
Lil+(4-n) MxTi2-x(P04)3 (M is a univalent or divalent cation), etc. are mentioned. 
[0031] An electronic-conduction assistant is added by the electrode 2 (2a, 2b) if needed As an 
electronic-conduction assistant, Sn02, In 203, Ti02-x, ZnO and Fe 304, Re03, Mo02, Ru02 and 
VO, and W02 grade are mentioned as an oxide, for example. In order to obtain the stable low 
resistivity, the thing which is chosen from In 203 which doped Sn02 or Sn02 which doped Ru02 or 
Sb 203 and which contain more than a kind at least is desirable. Moreover, when using an oxide, as 
for the addition as an electronic-conduction assistant, it is desirable that it is 10 - 50wt% to an active 
material. When there are few electronic-conduction assistants than these additions, grant of 
electronic-conduction nature is not enough, and when [ than these additions ] more, although an 
electronic conduction is securable, an electronic-conduction assistant may intervene between 
electrode active materials, may check conduction of a hthium ion, and is not desirable [ an electronic 
conduction ]. 

[0032] Moreover, when the carbon material has combined with the compound which makes the main 
skeleton siloxane combination which acrylic resin combined, addition of the above-mentioned 
electronic-conduction assistant is not needed, but the carbon material combined with the compound 
which makes the main skeleton siloxane combination which acrylic resin combined serves as an 
electronic-conduction assistant. As a carbon material, acetylene black, carbon black, KETCHIEN 
black, etc. are mentioned. Moreover, a carbon material is combined by replacing by OR machines 
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(R : a methyl group, an ethyl group, etc.) of the silane compound which acrylic resin combined. 
[0033] The following methods are mentioned as the production method of an electrode 2 (2a, 2b) and 
a solid electrolyte 3. The silane compound which mixed electronic-conduction assistant powder 
beforehand and acrylic resin combined with a positive electrode, negative-electrode active material 
powder, and solid electrolyte powder when required is distributed. Slurry viscosity is adjusted while 
adding and slurring solvents, such as isopropyl alcohol, if needed. At this time, mixture of electronic- 
conduction assistant powder is unnecessary to solid electrolyte powder. 

[0034] Moreover, in order to stiffen the silane compound which acrylic resin combined, the catalyst 
for hardening can also be used. Before distributing powder, even if it adds, after distributing powder, 
you may add this catalyst for hardening. 

[0035] By the doctor blade method or the roll-coater method, after applying the slurry obtained in this 
way on the positive-electrode charge collector 4 or the negative-electrode charge collector 5, it 
stiffens the silane compound which combined acrylic resin. When the catalyst for hardening is used 
for hardening conditions, although the holding time becomes short so that about 150 degrees C is 
suitable from ordinary temperature and a curing temperature is high, a curing temperature and 
especially time are not restricted. Moreover, when not using the catalyst for hardening, it is desirable 
to heat at the temperature of 150 degrees C or more, and maximum temperature is about 300 degrees 
C from which acrylic resin starts a decomposition reaction. 

[0036] You may make an electrode 2 mix the solid electrolyte which is the same composition as a 
solid electrolyte 3 here if needed. 

[0037] Moreover, the method of stiffening, after having fabricated the method of carrying out heat 
hardening by package after carrying out the laminating of positive-electrode 2a, negative-electrode 
2b, and the laminating method of a solid electrolyte 3 to the order of positive-electrode 2a-solid 
electrolyte 3-negative-electrode 2b, positive-electrode 2a, and negative-electrode 2b after carrying out 
heat hardening, fabrication and, fabricating a solid electrolyte 3 on one of electrodes separately and 
piling up another electrode etc. is mentioned. Furthermore, if it pressurizes at the time of heat 
hardening, while the filling factor of **** will improve, since junction of the electrode 2-solid 
electrolyte 3 becomes firmer, it is desirable. 

[0038] Even if the solid electrolyte cell to which this invention is applied is a primary cell, it may be 
a rechargeable battery. A cell configuration is not limited to cylindrical, a square shape, a button type, 
a coin type, a flat type, etc. 
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EXAMPLE = =—=—=—— 

[Example] A [example 1] lithium hydroxide and manganese dioxide were mixed so that the mole 
ratio of Li and Mn might be set to 1.1:1.9, by carrying out heating baking of this mixture at 650 
degrees C in the atmosphere for 15 hours, the lithium manganese multiple oxide (Lil.IMn 1.904) 
was compounded, and this was made into the positive active material. Next, a hthium hydroxide and 
manganese dioxide were mixed so that the mole ratio of Li and Mn might be set to 4:5, the Hthium 
manganese multiple oxide (Li4Mn 5012) was compounded by carrying out heating baking of this 
mixture at 600 degrees C in the atmosphere for 15 hours, and this was made into the negative- 
electrode active material. 

[0040] The siloxane compound which acrylic resin combined was prepared in the following 
procedures. To the siloxane compound (siloxane compound concentration : about 30 wt(s)% and 
acrylic resin concentration : about 20 wt(s)%, a solvent : about 50 wt(s)%) which acrylic resin 
combined, the catalyst for hardening of a maleic-acid system was mixed, it stirred in ordinary 
temperature, and mixed liquor was produced. At this time, the mixing ratio of the catalyst for 
hardening was set to 3g to lOOg of siloxane compounds which acrylic resin combined. Moreover, in 
order to attain stabilization of mixed liquor, it put in ordinary temperature for 12 hours. (Let this be 
adjustment mixed liquor below.) 

Adjustment mixed liquor was made to distribute an above-mentioned positive electrode and an 
above-mentioned negative-electrode active material with Ru02 which is an electronic-conduction 
assistant, respectively, and the slurry was produced. The mixing ratio of the active material powder at 
this time, Ru02, and adjustment mixed liquor was set to 2:1:1 by the weight ratio. Subsequently, 
after fabricating this slurry by the doctor blade method on aluminum foil, heat hardening was carried 
out on 150-degree-C conditions for 30 minutes. Furthermore, this was judged in 25mmx25mm size, 
and positive-electrode 2a negative-electrode 2b was obtained. Positive-electrode 2a and negative- 
electrode 2b of the thickness at this time were 75 micrometers. 

[0041] As a solid electrolyte 3, the main crystal phase used the solid electrolyte of the crystalline 
substance which can be expressed with Lil+x+yAlxTi2-xSiyP3-y012. Adjustment mixed liquor was 
made to distribute a powdered solid electrolyte, and the slurry was produced. This slurry was 
fabricated by the doctor blade method on the above-mentioned positive-electrode 2a, it piled up on 
the solid electrolyte 3 which subsequently applied negative-electrode 2b, heat hardening was carried 
out on 150-degree-C conditions for 30 minutes, and the layered product of positive-electrode 2a-solid 
electrolyte 3-negative-electrode 2b was produced. The thickness of the solid electrolyte 3 at this time 
was 30 micrometers. 

[0042] The lamination made from aluminum of a package 1 was equipped with the obtained layered 
product. The lamination made from aluminum prepared two things cut in 35mmx35mm size, is 
carrying out thermocompression bonding of the periphery section of the lamination made from 
aluminum on both sides of the layered product which joined the charge collector, and assembled the 
35mmx35mm square shape lithium cell shown in drawing 1 . 

[0043] The synthetic method of a [example 2] positive active material and a negative-electrode active 
material was performed like the example 1. 

[0044] What the carbon material combined (siloxane compound concentration : about 25 wt(s)% and 
acrylic resin concentration : about 15 wt(s)% and acetylene black concentration : about 10 wt(s)%, a 
solvent : about 50 wt(s)%) was used for the siloxane compound which acrylic resin combined. 
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[0045] Hereafter, the production method of production of adjustment mixed liquor and positive- 
electrode 2a-solid electrolyte 3-negative-electrode 2b was performed like the example 1. The 
thickness of the electrode obtained here was 70 micrometers, and the thickness of a solid electrolyte 
was 35 micrometers. 

[0046] The production method of a square shape lithium cell was performed like the example 1. 
[0047] The synthetic method of the [example 1 of comparison] positive active material and a 
negative-electrode active material was performed like the example 1. 

[0048] The following procedures performed formation of an electrode. The N-methyl-2-pyrrolidone 
in which the polyvinylidene fluoride was dissolved was made to distribute respectively the positive 
electrode and negative-electrode active material which were obtained previously, and carbon black, 
and the slurry was adjusted. At this time, the mixing ratio of an electrode active material, carbon 
black, and a polyvinylidene fluoride was set to 85:12:7 by the weight ratio. 

[0049] The electrode of a positive electrode and a negative electrode was obtained by carrying out the 
obtained slurry with ** on aluminum foil by the doctor blade method, and removing a N-methyl-2- 
pyrrolidone. Roll pressurization was carried out in order to raise further the **** filling factor of the 
obtained electrode active material, the electrode sheet obtained further was cut out in 25mmx25mm 
size, and the electrode was obtained. The thickness of the obtained electrode was 70 micrometers 
respectively. 

[0050] The N-methyl-2-pyrrolidone in which the polyvinylidene fluoride was dissolved was 
distributed like the electrode, and the solid electrolyte adjusted the slurry. At this time, the mixing 
ratio of a solid electrolyte and a polyvinylidene fluoride was set to 93:7 by the weight ratio. 
[0051] The layered product of a positive-electrode-solid electrolyte was obtained by carrying out with 
** on the positive electrode which was able to obtain the obtained slurry first, and removing a N- 
methyl-2-pyrrolidone. Furthermore, the negative electrode obtained previously at the solid electrolyte 
side of this layered product was piled up, and it pressurized at the temperature of 160 degrees C in 
order to raise adhesion. The pressurization load at this time was set to 80MPa(s). Moreover, the 
thickness of a solid electrolyte was 27 micrometers. 

[0052] The lithium cell of a square shape was assembled like the example 1 using the obtained 
layered product. 

[0053] The synthetic method of the [example 2 of comparison] positive active material and a 
negative-electrode active material performed formation of an electrode like the example 1 of 
comparison like the example. The electrode thickness at this time was 65 micrometers respectively. 
[0054] The bulk object with a thickness [ of a crystalline substance ] of 50 micrometers which can be 
expressed with Lil+x+yAlxTi2-xSiyP3-y012 was used for the solid electrolyte. This solid electrolyte 
bulk object was pinched by the electrode which was able to be obtained first, and the layered product 
of a positive-electrode-solid electrolyte-negative electrode was produced. 
[0055] The lithium cell of a square shape was assembled like the example 1 using the obtained 
layered product. 

[0056] The square shape solid electrolyte cell obtained in this way is used. (Evaluation) With a 
charging and discharging device It charges to 1.5V with the current of 

100nMcroA/cm2,200microA/cm2,500microA/cm2 as charge conditions at the above-mentioned 
square shape solid electrolyte cell. After suspended charge, holding for 5 minutes, discharging with 
the current same to the voltage of after that 0.5V as the time of charge, charging to 1.5 V again next, 
after voltage reached 1.5V, and reaching this voltage, charge-and-discharge cycle evaluation which 
suspends charge and is held for 5 minutes was performed. 

[0057] The result is shown in Table 1. In addition, the number of front Naka shows the service 
capacity to each discharge current, and a unit is mAh. 
[0058] 
[Table 1] 
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[0059] Moreover, flexible evaluation was performed using the layered product of the positive- 
electrode-solid electrolyte-negative electrode produced in the example 1, the example 2, the example 
1 of comparison, and the example 2 of comparison. The evaluation method was twisted around the 
glass rod of the shape of a pillar with a diameter of 10mm, and checked the crack and crack of a 
layered product. Consequently, the crack and the crack were not checked other than example of 
comparison 2 which used the bulk object for the solid electrolyte. 

[0060] While the charge-and-discharge property that the lithium cell of this invention is equivalent to 
the lithium cell which used the solid electrolyte bulk object is acquired from the above thing, it turns 
out that it excels also in flexibility. Even if especially the discharge current becomes large, it is 
remarkable that the fall of the discharge current is small. 

[0061] By making the compound which makes siloxane combination the main frame intervene 
between a positive electrode and a negative-electrode active material, this enables junction of an 
electrode and a solid electrolyte and is considered because resistance of an interface was reduced 
further. Furthermore, it is thought that junction of electrode active material powder and junction of an 
electrode and a solid electrolyte are performed, a reaction with an electrode active material being 
unable to occur easily, and maintaining the property of electrode active material original, in order to 
form siloxane combination in the process of heat treatment, if this invention is approached. 
Moreover, since acrylic resin is combined with the compound which makes siloxane combination the 
main frame, it becomes possible to also have flexibility. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing 1 operation gestalt of the lithium cell concerning this 
invention. 

[Description of Notations] 

1: A package, the electrode of 2:couple, a 2a:positive electrode, a 2b:negative electrode, 3:solid 
electrolyte layer, 4:positive-electrode charge collector, 5 : negative-electrode charge collector 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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